Abstract. The present study assessed the association between the Wnt/catenin β1 (CTNNB1)/microRNA (miR)183 signaling pathway and the recurrence and prognosis of colorectal cancer. The expression of Wnt, CTNNB1 and miR183 in primary colorectal cancer tissue was increased compared with that in the paracarcinoma tissue. Disease-free survival and overall survival were decreased in patients with colorectal cancer and increased miR183 expression compared with those in patients with colorectal cancer and decreased miR183 expression. The human colorectal cancer cell line HCT-116 was treated with 5 µM inhibitor of Wnt response (IWR-2) for 24 h to inhibit Wnt protein expression. Downregulating Wnt and CTNNB1 expression inhibited the viability of, and induced cell death and caspase 3 protein expression in, HCT-116 cells. The expression of BCL2 associated X protein and miR183 was increased, and cyclin D1 protein expression was suppressed, by the downregulation of Wnt and CTNNB1 expression in HCT-116 cells. Collectively, the results of the present study suggested that the Wnt/CTNNB1/miR183 signaling pathway may represent a promising biomarker for the recurrence and prognosis of colorectal cancer.
Introduction
Intestinal cancer is a malignant lesion of the mucous epithelium caused by multiple environmental or heritable carcinogenic factors and was the third most common gastroenteric tumor, and a common malignant tumor in 2012 (1) . In the United States, 160,000 new cases and ~57,000 colorectal cancer-associated mortalities were reported in 2012. Globally, 900,000 additional cases of and 500,000 mortalities due to colorectal cancer are reported annually in 2012 (2) . Globally, the incidence rate of colorectal cancer ranks second among lethal tumors, and threatens human health (3) . Epidemiological studies have revealed that colon cancer-associated morbidity exhibits regional differences. Areas of increased incidence include Western Europe, North America, New Zealand and Australia. Areas of moderate incidence include Latin America, and southern and eastern Europe (4). Areas of decreased incidence include South America, Africa and Asia. The morbidity and mortality of colorectal cancer differs between areas of increased and decreased incidence (5) .
The study of human microRNA (miRNA/miR) has advanced in previous years. The number of submitted human mature miRNAs increased from 870 to 1921 between March 2009 and November 2011 (6) . A given miRNA may regulate >100 genes (6) . It is predicted that >5,300 genes, 30% of all human genes, are regulated by miRNAs (7) .
Alterations to miRNA expression in early stage colorectal cancer have been reported (8) . MiRNA clone technology has detected 28 miRNAs in colorectal cancer and surrounding normal mucosal tissues, including miR320, miR321, miR200c, miR143 and miR145 (9) . The expression of miR143 and miR145 was decreased compared with the surrounding normal mucosal tissues. Bandres et al (10) detected the expression of 156 types of miRNA in 15 colorectal cancer cell lines and compared this result with miRNA expression in the normal human colorectal cell line CCD-18C0. The results of that comparison revealed that the expression of 13 miRNAs differed significantly between the colorectal cancer and normal human cell lines. Expression has been demonstrated to differ most markedly between colorectal cancer and normal human cell lines for the following miRNAs: miR31, miR96, miR133b, miR135b, miR145 and miR183 (8) .
The Wnt signal pathway serves a key function in multiple biological events, including development, cell transfer and apoptosis (11) . A previous study demonstrated that the Wnt signaling pathway possesses ≥3 branches: The classical Wnt and the the Wnt/catenin β1 (CTNNB1 signaling pathways (12) . In the Wnt/CTNNB1 signaling pathway, Wnt and frizzled proteins bind to induce the phosphorylation of the downstream dishevelled segment polarity proteins (DVL). Phosphorylated DVL and axins destroy, including axins, APC and glycogen synthase kinase 3 (GSK3), resulting in disassembly (13) . Phosphorylated GSK3 may not degrade CTNNB1, which is released, concentrated in the cytoplasm, and enters the cell nucleus to function as a transcription factor (TCF)/lymphoid enhancer binding factor (LEF), and thereby activate the transcription of numerous downstream immediate early genes, including MYC binding protein, cyclin D1 (CCND1) and matrix metallopeptidase 7, and help regulate cell proliferation, apoptosis, movement and differentiation. Under normal conditions, the Wnt/CTNNB1 signaling pathway regulates cell growth and development effectively (14) . When activated excessively, the pathway may result in tumor development, or dysplasia (15) . Numerous clinical and experimental studies have demonstrated that abnormal activation of the Wnt/CTNNB1 signaling pathway is associated with the occurrence and development of rectal carcinoma, and breast, lung, skin, ovarian, prostate, endometrial cancer, primary hepatic carcinoma, thyroid cancer, and multiple other tumors (11, 15) . By assessing the underlying upstream regulatory mechanism, the present study demonstrated that Wnt/CTNNB1/miR183 predicted the recurrence and prognosis of colorectal cancer. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. Total RNA was extracted from colorectal cancer and paracarcinoma tissue samples using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), according to the manufacturer's protocol. Total RNA (1 µg) was reverse transcribed using a miDETECT A Track™ miRNA RT-qPCR kit (Guangzhou RiboBio Co., Ltd., Guangzhou, China) to cDNA. A SYBR Green-based detection method (Applied Biosystems; Thermo Fisher Scientific, Inc.) was used for qPCR analysis using the LightCycler ® 480 System (Applied Biosystems Inc.; Thermo Fisher Scientific, Inc.). The primers used were as follows: U6 forward, 5'-GCT TCG GCA GCA CAT ATA CTA AAA T-3'; and reverse, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3'; and miR-183 forward, 5'-CGC TAT GGC ACT GGT AGA A-3'; and reverse, 5'-GCA CTG GAT ACG ACA GTG AA-3'; Wnt5a forward, 5'-TGT GGT TTA ATG GTG CCT GA-3' and reverse, 5'-TTC GTC GTG CTC AAG GTA TG-3'; β-catenin forward, 5'-CCA ACG ACT ACC ACC AAC TTT-3' and reverse, 5'-GCC AGG TCT GGT TCA TTG CT-3'; GAPDH forward, 5'-CCA TGT TCG TCA TGG TGT G-3' and reverse, 5'-GGT GCT AAG CAG TTG GTG GTG-3'. The PCR steps were as follows: 5 min at 95˚C, followed by 40 cycles of 45 sec at 95˚C, 30 sec at 60˚C, and extension for 30 sec at 72˚C. The relative expression levels were calculated using the 2 -ΔΔCq method (repeats, N=3) (16) . Relative expression levels <2 times para-carcinoma tissue group were defined as low miR183 expression; relative expression levels ≥2 times para-carcinoma tissue group were defined as high expression of miR183.
Materials and methods

Patients
Cell culture. The human colorectal cancer cell line HCT-116 (Invitrogen; Thermo Fisher Scientific, Inc.) was cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.), 1.5 g/l sodium bicarbonate and 1% penicillin/streptomycin at 37˚C in a humidified atmosphere containing 5% CO 2 .
Cell viability assay. The HCT-116 cells (70-80% confluent) were treated with 5 µM IWR-2 (MedchemExpress, Monmouth Junction, NJ, USA) for 12, 24 and 48 h, and with MTT (Invitrogen; Thermo Fisher Scientific, Inc.) for 4 h, at 37˚C in a humidified atmosphere containing 5% CO 2 . Subsequently, the RPMI-1640 medium was removed, and 150 µl dimethyl sulfoxide was added to the cells for 10 min. Optical density was measured at a wavelength of 570 nm relative to a 630 nm basal absorbance using a Victor3™ multilabel counter (PerkinElmer, Inc., Waltham, MA, USA).
Cell apoptosis assay. The HCT-116 cells were treated with 5 µM IWR-2 for 24 h, and subsequently washed with PBS on ice. The cells were then collected and resuspended in 100 µl cell buffer (Annexin V-fluorescein isothiocyanate KITS; BD Biosciences San Jose, CA, USA) and stained with 5 µl Annexin V-fluorescein isothiocyanate (BD Biosciences) for 30 min at room temperature, and stained with 5 µl of propidium iodide (BD Biosciences) for a further 10 min at room temperature, in darkness. Cell apoptosis was subsequently detected using a flow cytometer (C6, BD Biosciences) and analyzed using FlowJo 7.6.1 (FlowJo LLC, Ashland, OR, USA).
Western blot analysis and caspase-3 activity. The HCT-116 cells were treated with 5 µM IWR for 48 h, and subsequently washed with PBS, on ice. The cells were lysed using RIPA lysis buffer (BD Biosciences) and protein concentration was measured using the Bradford method (BD Biosciences). Equal amounts of protein (40 µg/lane) were separated using SDS-PAGE with a 10% gel, and were subsequently transferred onto nitrocellulose filter membranes. Subsequently, the separated proteins were incubated with anti-Wnt (sc-30224; 1:300), anti-CTNNB1 (cat. no. sc-7199; 1:500), anti-caspase (CASP) 3 (cat. no. sc-98785; 1:500), anti-BCL2 associated X (Bax; cat. no. sc-6236; 1:300), anti-CCND1 (cat. no. sc-717; 1:300), all purchased from Santa Cruz Biotechnology, Inc., Dallas, TX, USA, and anti-GAPDH (cat. no. AG019; 1:2,000; Beyotime Institute of Biotechnology, Haimen, China) primary antibodies at 4˚C overnight. Membranes were blocked using 5% skimmed milk for 1 h at 37˚C and subsequently incubated with horseradish peroxidase-conjugated goat anti-rabbit IgG (cat. no. A0208; 1:5,000; Beyotime Institute of Biotechnology) for 1 h at 37˚C. Membranes were then visualized using an enhanced chemiluminescence detection kit (GE Healthcare, Chicago, IL, USA) and analyzed using ImageLab 3.0 (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Subsequently, 10 µg total protein was used to analyze the levels of caspase-3 activity using caspase-3 activity kits (cat. no. C1116; Beyotime Institute of Biotechnology), according to the manufacturer's protocol. Optical density was measured using a Victor3™ multilabel counter (PerkinElmer, Inc.) at 405 nm.
Statistical analysis. All the data were expressed as the mean ± standard deviation (n=3) using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). Statistical differences were determined using one-way analysis of variance with Tukey's post hoc test. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of Wnt and CTNNB1 in primary colorectal cancer tissue.
To assess the function of Wnt and CTNNB1 in primary colorectal cancer tissue, RT-qPCR analysis of Wnt and CTNNB1 expression was performed on colorectal cancer and paracarcinoma tissue samples. Of the cases studied, colorectal cancer tissue revealed concordant upregulation of Wnt and CTNNB1 expression compared with the matched paracarcinoma tissue samples (Fig. 1) .
Expression of miR183 in primary colorectal cancer tissue.
To evaluate the function of miR183 in primary colorectal cancer tissue, RT-qPCR analysis was performed to assess miR183 expression in colorectal cancer and paracarcinoma tissue samples. There was an upregulation of miR183 expression in colorectal cancer tissue compared with the matched paracarcinoma tissue samples (Fig. 2) .
Survival analysis of patients with colorectal cancer.
To identify the functional effect of miR183/Wnt and CTNNB1 on the survival of the patients with colorectal cancer, the present study assessed disease-free survival (DFS) and overall survival (OS). The results demonstrated that DFS and OS were decreased in the high expression miR group compared with the low miRNA expression group (Fig. 3) .
Effect of IWR treatment on Wnt and CTNNB1 protein expression in HCT-116 cells. HCT-116 cells were treated with
5 µM IWR for 24 h, which resulted in the inhibition of Wnt and CTNNB1 protein expression compared with the untreated group (Fig. 4) .
Effect of downregulating Wnt and CTNNB1 expression on HCT-116 cell viability and apoptosis.
The present study evaluated the effect of downregulating Wnt and CTNNB1 expression on HCT-116 cell viability and apoptosis. The apoptosis of HCT-116 cells was measured following treatment with 5 µM IWR. HCT-116 cells were treated with 5 µM IWR for 12, 24 and 48 h, which resulted in the significant inhibition of HCT-116 cell viability at 48 h compared with the untreated group (Fig. 5A) . Following IWR treatment for 48 h, there was an increase in HCT-116 cell apoptosis compared with the untreated group (Fig. 5B) . 
Effect of downregulating Wnt and CTNNB1 expression on CASP3 function and protein expression in HCT-116 cells.
The present study assessed whether downregulating Wnt and CTNNB1 affected CASP3 expression and function in HCT-116 cells using western blot analysis and a caspase-3 kit. The downregulation of Wnt and CTNNB1, as induced by 48 h IWR treatment, increased CASP3 function and protein expression in HCT-116 cells compared with the untreated group (Fig. 6) . (Fig. 7) . (Fig. 8) .
Effect of downregulating Wnt and CTNNB1 on Bax protein expression in HCT-
Effect of downregulating
Effect of downregulating Wnt and CTNNB1 on CCND1 protein expression in HCT-116 cells.
Western blot analysis was performed to detect CCND1 protein expression in HCT-116 cells following the IWR-induced downregulation of Wnt and CTNNB1. A significant decrease in CCND1 protein expression in 24 and 48 h IWR-treated HCT-116 cells was detected compared with the untreated group (Fig. 9) .
Discussion
Colorectal cancer is a common malignant tumor. Globally, >1.2 million additional cases were estimated annually in 2012 (17) . Colorectal cancer-associated morbidity ranks third and second among male and female patients with malignant tumors, respectively (17) . According to a 2008 report by the International Agency for Research on Cancer, during the past 20-30 years, colorectal cancer has demonstrated the following characteristics: i) Morbidity in the majority of countries and areas has increased; ii) the increase in countries with previously decreased morbidity is more marked; iii) the increase in developed countries has decelerated and has reached a relatively stable level; and iv) the morbidity in certain areas has decreased (2) . The present study revealed that Wnt, CTNNB1 and miR183 expression in primary colorectal cancer tissue was increased compared with that in paracarcinoma tissue.
As the understanding of the human genome has increased, it has been demonstrated that the expression of certain genomic sequences may stabilize genetic 'regulatory passwords' under invariable conditions, a phenomenon that has attracted increasing attention (8) . These epigenetic codes constitute a key information interface between genes and phenotypes. Alteration of these codes is an important means of regulating gene expression. MiRNAs are included among these regulatory passwords (18) . As important factors regulated by gene transcription, miRNAs participate widely in important life processes, including cell proliferation, differentiation, apoptosis and development (18) . In the present study, the DFS and OS for patients with colorectal cancer with increased miR183 expression were decreased compared with that of the DFS and OS for patients with colorectal cancer with decreased miR183 expression.
However, in different tumors, abnormal miR183 expression may serve different functions. MiR183 expression may be upregulated in breast cancer cells; however, the overexpression of miR183 may reduce the migration of breast cancer cells (19) . A previous study revealed that miR183 expression is associated with the transfer potential of lung carcinoma cells (20) . The overexpression of miR183 may reduce the transfer ability of lung cancer cells, indicating that miR183 may potentially function as a transfer-inhibiting factor of lung cancer cells (21) . The results of another previous study suggested that miR183 served a similar function to that of an oncogene; by suppressing the expression of the transcription factor early growth response 1, miR183 may promote the migration of rhabdomyosarcoma tumor cells (21) . The present study revealed that downregulating Wnt and CTNNB1 expression suppressed viability, induced apoptosis and promoted CASP3 activity and protein expression in HCT-116 cells.
The Wnt/CTNNB1 signaling pathway is conserved among different species and controls multiple cell events including human embryo growth, cell destiny, tissue and organ formation, and tumorigenesis (15) . The Wnt/CTNNB1 signaling pathway participates in the human central nervous sytem, and in reproductive duct, breast, kidney, limb, placenta, hair and bone development. Furthermore, dysregulated expression of the components of the Wnt/CTNNB1 signaling pathway may induce embryo mortality or abnormal embryonic development (22) . In addition, the Wnt/CTNNB1 signaling pathway is also associated with the renewal and differentiation of embryonic and multiple tissue stem cells. Mucous epithelial cells require regular renewal and, therefore, intestinal tract stem/ancestral cells in the intestinal crypt regularly proliferate and differentiate (22) . Following damage to, and the external stimulation of, mucous epithelial cells, stem/ancestral cells may proliferate and differentiate into numerous mucosal cells to maintain mucosal structural integrity (23) . In the gathering areas of the stem/ancestral cells, in the bottom of the normal intestinal crypt, the gathering of CTNNB1 in the cell nucleus may be observed. The present study revealed that downregulating Wnt and CTNNB1 expression increased Bax protein expression in HCT-116 cells. Wu et al (24) reported that the Wnt/CTNNB1 signaling pathway promoted apoptosis, and enhanced CASP3 function and Bax protein expression in Bacillus Calmette-Guerin vaccine-infected RAW264.7 macrophages. A previous study indicated that the Wnt/CTNNB1 signaling pathway may promote the proliferation and maintain the undifferentiated state in stem/ancestral cells of the bottom of the intestinal crypt (25) . TCF/LEF gene knockout in animal intestinal tracts resulted in no crypt formation in the hair. Furthermore, hair cells are seldom kept in the fission (25) . Mortality generally occurs in the knockout animal following birth (26) . The Wnt/CTNNB1 signaling pathway is associated with the occurrence and development of tumors (26) . In multiple malignant tumors, including breast, gastric, thyroid, lung, prostate and skin cancer, the abnormal activation of the Wnt/CTNNB1 signaling pathway and of pathway-inhibiting proteins, including downregulated expression or inactivation of dickkopf like acrosomal protein, secreted frizzled-associated proteins or WNT inhibitory factor may be demonstrated, and has been studied in the occurrence and development of colorectal cancer (26) . The abnormal activation of the Wnt/CTNNB1 signaling pathway not only represents an early event of colorectal cancer development, but is also important for its progression (23) . The present study demonstrated that downregulating Wnt and CTNNB1 expression suppressed miR183 expression and CCND1 protein expression in HCT-116 cells. Leung et al (27) revealed that the Wnt/CTNNB1 signaling pathway activated miR183 and promoted invasion in hepatocellular carcinoma cells.
To conclude, the present study demonstrated that downregulating Wnt and CTNNB1 expression suppressed miR183 expression and viability, promoted apoptosis and enhanced CASP3 activity and Bax protein expression in HCT-116 cells. The present study also revealed that Wnt/CTNNB1/miR183 predicted the recurrence and prognosis of colorectal cancer.
